Lamina-selective changes in the density of synapses following perturbation of monoamines and acetylcholine in the rat medial prefrontal cortex.
The rat medial prefrontal cortex is known to have diverse brain functions such as learning and memory, attention, and behavioral flexibility. Although these functions are affected by monoamines (dopamine (DA), noradrenaline (NA) and serotonin (5-HT)) and acetylcholine (ACh), the detailed mechanisms remain unclear. These neuromodulators also have effects on synapse formation and maintenance, and regulate plasticity in the central nervous system (CNS). To clarify the effects of these neuromodulators on changes in the density of synapses in the rat medial prefrontal cortex, we separately administered a D1- or D2-antagonist, NA neurotoxin, 5-HT synthetic inhibitor, or muscarinic ACh antagonist for 1 week, and counted the number of synapses on electron microscopic photographs taken from the prelimbic area of the medial prefrontal cortex. The density of synapses in lamina I was regulated by DA via D1-like receptors, and that in laminae II/III was decreased by depletion of NA or ACh. However, 5-HT did not have a regulatory effect on the synaptic density throughout the layers in this brain region. The data in this study and our previous studies indicate that there are appreciable regional differences in the magnitude of biogenic amine-mediated synaptic plasticity in the rat CNS. These neuromodulators may have a trophic-like effect on the selected neuronal circuit to maintain synaptic contacts in the rat CNS. The synaptic density in the medial prefrontal cortex regulated by monoamines and ACh could be important not only for synaptic plasticity in this region but also for pharmacotherapeutic drug treatment.